diversity comparable to populations in which Bd is absent. Spatial genetic structure among 48 populations followed an isolation-by-distance pattern, suggesting restricted movement among 49 remnant populations. At the individual level, greater heterozygosity was associated with reduced 50 probability of infection. Loss of genetic diversity in remnant populations that survived 51 chytridiomycosis epidemics does not appear to be a threat to L. v. alpina. We suggest several factors 52 underpinning maintenance of genetic diversity: (1) remnant populations have remained large 53 enough to avoid losses of genetic diversity; (2) many individuals in the population are able to breed 54 once before succumbing to disease; and (3) juveniles in the terrestrial environment have low 55 exposure to Bd, providing an annual 'reservoir' of genetic diversity. The association between 56 individual heterozygosity and infection status suggests that, while other work has shown all 57 breeding adults are typically killed by Bd, males with greater heterozygosity may survive longer and 58 obtain fitness benefits through extended breeding opportunities. Our results highlight the critical 59 role of life history in mitigating the impacts of Bd infection for some amphibian species, but we 60 infer that increased isolation as a result of disease-induced population extirpations will enhance Introduction 85 In recent decades amphibians have been declining faster than any other vertebrate taxon, both in 86 terms of numbers of individuals and numbers of species, and at least one third of all species are now 87 threatened with extinction (Stuart et al. 2004 ). One of the greatest immediate threats to amphibians 88 is the disease chytridiomycosis, which has been implicated in the decline of over 500 species, 89 including 90 extinctions (Scheele et al. 2019) . Chytridiomycosis is an epidermal disease caused by 90 the fungal pathogen Batrachochytrium dendrobatidis (Bd; Berger et al. 1998 ). Batrachochytrium 91 dendrobatidis was discovered in 1998, in both Costa Rica and Australia (Berger et al. 1998 ) and has 92 since been detected on all continents where amphibians are found (Olson et al. 2013 ). populations are often more isolated than pre-decline, and occur at low densities, which is likely to 109 lead to stronger biogeographic structure. 110 111 Eastern Australia is a hotspot for chytridiomycosis-induced amphibian declines (Scheele et al. 112 2017c, Skerratt et al. 2007 ). One species that has experienced major declines associated with the 113 emergence of Bd is the alpine tree frog (Litoria verreauxii alpina). Litoria v. alpina was historically 114 common in parts of southeastern Australia but declined in the 1980s with the emergence of Bd 115 (Osborne et al. 1999 sequence) over 485 samples, we removed SNPs that were genotyped in less than 10% of samples or 244 greater than 90% of samples (putative paralogs) or were missing in more than two populations. We 245 removed samples with fewer than 2000 SNPs then removed 3104 rare SNPs that did not pass a 246 paralog threshold of 5. The filtered genotype matrix had 42,668 variants across 425 samples. 247 Sequence data are available through Sequence Read Archive 1 (project PRJNA592019; details in 248 Table S1 ). We used the adonis approach to test the null hypothesis of no genetic structure among age cohorts 274 within each population, with and without an interaction between population Bd status and age. For 275 this analysis, permutation of individuals among age cohorts was conducted within populations, and 276 we tested for significant structure explained by age cohorts alone and by the population Bd status 277 and age interaction. ). We standardised the genotype likelihoods to sum to 1 across all three possible genotypes. We 291 excluded loci that contributed little information (fewer than 100 individuals with genotypes 292 satisfying the delta AIC > 2 criterion, and minimum minor allele frequency <0.02), resulting in a 293 dataset of 411 individuals and 10,071 loci. We ran NGSadmix models for scenarios of 2,4,6,8 and 294 10 groups. When we repeated the adonis analysis to test for significant differentiation among age cohorts 364 within sites, we found a marginally non-significant effect (R 2 = 0.007, P =0.072). Likewise, there 365 was no significant Bd-status * age cohort interaction that would support a scenario of greater 366 genetic structure among age cohorts in the effectively semelparous Bd-exposed populations 367 compared to the iteroparous non-exposed populations ( Table 2) . Figure 3 ). Thus, we do not expect strong genetic 468 'rescue effects' whereby diversity is increased following a major bottleneck due to immigration.
470
The second potential explanation for our results is that our Bd-unexposed sites were too few to 471 provide a representative group for comparison, but they were all that were available. Very few 472 studies have compared genetic diversity in long Bd-exposed and unexposed populations of an 473 amphibian species that has experienced major declines associated with Bd Heterozygosity of individuals is associated with Bd infection status 490 We found that, after accounting for variability in infection rates among populations in our statistical 491 models, individuals with greater heterozygosity (as estimated from SNP loci across the genome) 492 were less likely to be infected with Bd, although there was no association between genetic diversity 493 and Bd infection intensity, consistent with other research (Savage et al. 2015) . Low-depth 494 genotyping by sequencing data present some challenges for heterozygosity-fitness analyses relating 495 to confidence in heterozygote and homozygote calls. We therefore interpret our results with some 496 caution as the findings were sensitive to the trade-off between confidence in genotype calls however, further research is needed to assess the validity of the subspecies' status. Our data do, 562 however, provide some insights into the processes influencing biogeographic structure in these tree 563 frogs. We identified a high degree of genetic population structure, indicating little gene flow among 564 all but two immediately neighbouring populations (Figure 2) . The spatial pattern of genetic structure 565 largely followed a scenario of isolation by distance. Given the recent local extinction of many 566 populations due to chytridiomycosis, and thus increased population fragmentation, we expect that 567 this structure will continue to strengthen with reduced gene flow. Chytridiomycosis therefore 568 impacts biogeographic structure of surviving taxa in diverse ways, including range contraction and 569 population isolation. Concern has been raised about the genetic viability of highly isolated remnant populations following 573 Bd declines in amphibians (Allentoft and O'Brien 2010, Morgan et al. 2008 ). We found, however, 574 that genetic diversity was not lower in Bd exposed populations relative to unexposed L. v. alpina 575 populations. Importantly, within Bd-exposed populations, individuals with greater heterozygosity 576 were less likely to be infected with Bd. Our results provide a positive genetic outlook for species 577 25 that persist in remnant populations with endemic Bd infection but suggest that maintenance of 578 genetic diversity in those populations will be important for persistence in the presence of Bd. The sequence data are publicly available through Sequence Read Archive project PRJNA592019 591 (https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA592019) with details in Table S1 . 
